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INTRODUCTION

We hypothesize that the tightly r egulated ratio of NF1 isoforms is critical in maintaining
the homeostasis of cell growth and differentiation and thus, it determines the functional output of
NF1 gene. Furthermore, splicing regulators may modify the function of neurofibromin through
altering alternative splicing of the NF1 pr e-mRNA. T here are two main goals of the pr oposed
studies. We will f irstinves tigate how alte rnative s plicing modulate sthe f unction of
neurofibromin. Pa rticularly, we will de termine how c is-acting R NA s equence e lements a nd
trans-acting splicing regulators modulate the f unction of neurofibromin by examining not only
the splicing status of exon 23a but al so mea suring the R as a ctivity, the f unctional output of
altered NF1 s plicing. T he s econd goal of th eses tudiesis to deter mine the biologica 1
consequence of altered ratio of the two neurofibromin isoforms. We will create a unique system
that will allow us to readily modify the NF1 alleles. We will use this system to generate mouse
ES cell lines that express the two NF1 isoforms at different ratios. Subsequently, we will use a
recently devel oped di fferentiation s trategy t o der ive neur al stem cells from these ES cells to
examine the cell growth and differentiation potential of these cells.

BODY

During the last funding period, we made progress in three areas towards the goals of the
two specific aims. First, in the first year of this grant, we identified the point mutations at both
acceptor and donor site of exon 23a, which will ensure predominant inclusion of this exon in all
cell types (Aim Ia). We now have f urther tested these mutations using our splicing reporter in
primary neurons. We s howed that the point mut ations resulted in near complete inclusion of
exon 23a in mous e cerebellar neurons. These results gave us tremendous confidence that our
knock-in s trategy will lead to expected s plicing r esults. Second, we gener ated the knock- in
targeting vector that harbors the engineered mutations and transfected mouse ES cells. We are in
the process of screening colonies to find the clones with the targeted allele (Aim IIa). Third, we
successfully adopted the pr ocedure that dif ferentiates mouse E S cells into neur ons ( Aim I1b).
This procedure will be used to analyze ES cells with altered NF1 alleles.

Aim |. To determine how altered alternative splicing affects NF1 function. Our preliminary
data indicate that Hu proteins and TIAR are involved in the regulation of exon 23a inclusion. In
Aim la, we will investigate the mechanism by which the cis-acting RNA regulatory sequence on
NF1 pre -mRNA re gulates inc lusion of e xon 23a. M ultiple NF1 re porter c onstructs c arrying
mutations of ke y re gulatory s equence e lements will be ge nerated a nd te sted for s plicing by

transfecting two types of cultured cells, one that processes the NF1 pre-mRNA to predominantly
include exon 23a, and the other that processes to predominantly exclude this exon. The results of
these experiments will not only te st the contribution of the cis-acting re gulatory sequences to

regulated alternative splicing, but also lay the foundation for the study in the Aim Ila. The goal
is to ¢ reate s everal mini-ge ne re porters tha t, in tra nsfected c ells, will be p rocessed to ha ve
differing r atios of exon 23a+/exon 23a- r anging from pr edominantly exon 23 inclus ion to

predominantly exon 23 exclusion. In Aim Ib, we will change expression level of Hu proteins or
TIAR and examine the function of neurofibromin. W e will e ither over-express tis sue culture
cells that have little expr ession of Hu proteins or knockdown the expr ession of these proteins in



cells that express these proteins and then determine how alternative splicing involving exon 23a
is affected and how Ras activity output is affected.

Progress

1. Contribution of splice site strength to regulated inclusion of NF1 exon 23a (Aim Ia).
In ge neral, a lternatively inc luded

. .. A. HMT-NF1 863/499 splicing reporter
exons tend to have s uboptimal splicing HICHE
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To determine if the biological output of the NF1 expression will be changed as a result
alternative splicing change of exon 23a, we plan ned to alter expression of its regulators. W e
started with the Hu proteins. The relative low transfection efficiency makes it ve ry difficult to
assess the effect on over-expressed Hu protein on functional output of NF1, i.e., Ras signaling,
we decided to use the lentiviral tranduction system to car ry out this experiment. L astyear we
reported that we cloned the mHuB and mHuC into a lentiviral vector, packaged t he expression
vectors into virus particles. Unfortuna tely, the expression level of Hu pr oteins in cell s after
infecetion is very low, which made the next-step analysis very difficult. We need to f ind other
ways to do this experiment. However, since we will analyze how splicing change in NF1 affect
Ras signaling in targeted ES cells, we will come back to this issue at that time.

Aim Il. To determine the biological consequence of altered ratio of neurofibromin
isoforms in cells with natural NF1 expression such as neuronal and glial cells. In Aim lla,
to examine the NF1 function in its natural context, we will integrate the engineered sequences
determined by Aim I a that lead to dif fering ratios of exon 23a-+/exon 23a- into the endogenous
NF1 allele using gene targeting technology. An e legant state-of-the-art strategy will be used to
obtain targeted ES cell lines with a series of different NF1 alleles. In Aim Ilb, we will analyze
the growth and differentiation potential of cells harboring the modified NF1 alleles. Neural stem
cells (NT C) will be derived from the se E S c ells and a nalyzed for the ir growth pote ntial in



comparison t o t hat der ived f rom wi ld t ype ES cel Isus ingar ecently des cribed E S cel 1

differentiation procedure.
Progress

Generate the targeting vector (Aim 11a)

We designed the strategy to create the targeting vector as outlined in year’s report. We
have successfully generated the targeting vector using the BAC modification system as planned.
The targeting vector was given to the Transgenic Core facility in the Medical School at Case

Western Reserve University to generate the
targeted mouse ES cells. We got colonies from
the facility and are in the process of screening for
correctly targeted ES cells.

Mouse ES cell differentiation into neurons (Aim
l1b)

To analyze ES cells with knock-in NF1
aleles, we need to differentiate ES cells into
neural progenitors and then neurons. We have
successfully adopted the procedure published by
the Barde laboratory. As shown in Fig. 2, we
have obtained neurons from ES cells at high
efficiency. More importantly, splicing of exon
23a from the endogenoudy expressed NF1
follows an expected pattern, i.e., predominantly
skipping in differentiated neurons. With this
differentiation procedure, we are ready to proceed
to analysis of the ES cells with knock-in NF1
aleles.
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Figure 2. A. Neurons differentiated from mouse ES
cells. B. ES neurons stained with p-tubulin 11l (green)
and DAPI (blue). C. Splicing of endogenous NF1 in
ES cells, differentiated neurons and cerebellar
neurons analyzed by RT-PCR.



KEY RESEARCH ACCOMPLISHMENTS

-Tested point mutations that will ensure predominant inclusion of the NF1 exon 23ain primary
neurons.

-Generated the NF1 knock-in targeting vector and are on our way to obtain targeted ES cells.

-Successfully differentiated mouse ES cells into a specific lineage of CNS neurons.

REPORTABLE OUTCOMES

Publication:
Hinman MN and L ou H ( 2008). Diverse mo lecular functions of Hu pr oteins. Cell. Mol. Life
Sci. Jun 26. [Epub ahead of print]. Invited review (peer-reviewed).

Abstracts:

Melissa N. Hinman, Hui Z hu, Kavita Pr aveen, and Hua L ou. “Mammalian Hu protein family
members have non-redundant functions as splicing suppressors”. RNA Society Meeting, Berlin,
Germany, July 28-August 3, 2008. Poster presentation.

Melissa N. Hinman, Hui Z hu, Kavita Pr aveen, and Hua L ou. “Mammalian Hu protein family
members have non-redundant functions as splicing suppressors”. Rustbelt RNA Meeting, Deer
Creek State Park and Resort, Mt. Sterling, OH, October 17-18, 2008. Poster presentation.

CONCLUSION

The results presented in this report indicate that we are well on our way to reach the goals
of the proposed studies for this grant. The reagents and tools generated from the past funding
period will be very useful to carry out the next-step experiments towards the goals of the
proposed studies. The most significant finding was that we were able to change the alternative
exon 23a into a constitutive exon that can be almost completely included in primary neurons
where this exon is skipped by manipulating the splicing signals surrounding this exon. The
implication for the NF1 disease is that if a mutation falls within these splicing signals, it may
impact how this exon is spliced. Because this exon encodes part of the GAP-related domain, the
potential biological outcome will be important.
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